IN the frequent references to curare in the literature of physiology, from the original descriptions of its action by Claude Bernard (1856) and Kolliker (1856) to recent accounts of its action upon the strength-duration curve of the muscle of the frog, it is exceptional to find mention of the variable composition of the drug or of its variable action. Yet both have long been known. Curare is, in fact, a mixture of watery extracts of a number of poisonous plants. These plants differ in different areas, and are, perhaps, not always the same in any given area. Produced as it is in regions of South America, scattered over many thousand square miles of territory, the best criterion which can be established for curare, either by the standards of Indian hunters, or by those of European physiologists, is that of a powerful poison whose predominant action is the paralysis of voluntary muscles. Curare in History: Composition, Pharmacology, Therapeutics As I have recorded in a previous paper, Sir Walter Raleigh (1595), in his account of the discovery of the "large, rich and beautiful empire of Guiana," refers to curare and its use in war and his desire to find an antidote to its poisonous effects. During the following centuries a number of famous explorers of South America referred to curare in their writings, and Humboldt and Bonplan (1821), on the Orinoco, and the Schomburgk brothers (1844), in British Guiana, saw the poison prepared by evaporation and mixture of plant extracts. It was Humboldt who identified the chief plant ingredient of the curare of the Macusi Indians as a member of the strychnos species, and Sir Robert Schomburgk (1857), who saw it growing, and named it Strychnos toxifera. Quelch (1895) compared the ingredients and preparation of curare as described by Waterton (1813), who did not actually see the process at work, and Schomburgk (1844), with his own observations in the same area of the Kanaku Mountains of British Guiana. He found that from six to eight plants entered the brew. The majority of these were poisonous, and in one curare four plants were apparently of the strychnos species. But the constant ingredient he found to be the bark of the ligneous vine, Strychnos toxifera.
He recorded that the curare of Esmeralda on the Orinoco was stronger than that used by the Ticuna Indians of the Amazon. Castelnau saw curare being prepared in Upper Amazonia (Weddell 1851), and it seems probable that the chief strychnos of the curares of these regions is Strychnos castelnwana. In another part of the Amazon territory (the Japura river) the strychnos perhaps differ again.
Whilst explorers and botanists were aware of the various and varying ingredients of curare, chemists had succeeded in extracting differing active principles from curares which reached them. The first was curarine. Boussingault and Roulin (1828) obtained a " syrupy body," and a separation by alcohol was made by Pelletier and Petroz (1829). The first preparation in crystalline form was by Preyer (1865) . Curine, a second crystalline alkaloid, was first recognized and prepared by Boehm (1896) . The latter contributed a standard work on the MAP L chemistry of curare and obtained a 4% to 5% yield of curarine direct from the bark of Strychnos toxifera (Cash, 1901) .
By the end of the nineteenth century, pharmacologists were becoming aware of varying properties in curare. Tillie (1890) demonstrated a convulsant effect of curarine after destruction of the anterior brain and exclusion of the legs by vascular ligature." Cash (1901) mentions having seen this effect of curarine, but adds that "two specimens out of three of curare did not sbow this action, and that " at most curare is but a feeble convulsant and this element of its action is masked by peripheral paralysis." Cash notes that tonic convulsions have been seen in the dog, and he differentiates these from "muscular tremor, which is frequently witnessed in curarized animals." Brunton (1877) suggested that there might be some sensory depression, and Kolliker (1856) and Schiff (1855) each note salivary hypersecretion, though neither of these actions has been generally found. Glycosuria CURARE -PRODUCING AREAS IIDAD (With N.Y. Sandwith) lOOmis.
566 42 has been recorded in curare poisoning (Cash 1901) . It is important to realize that these earlier observers were aware of varying actions of curare being dependent on different strychnos plant constituents. Curares containing strychnos " curare " were said by Couty and Lacerda (1879) to paralyse the vasomotor mechanism and so cause a profound fall of blood-pressure, while Strychnos triplinervia (Amazonia) was thought to be responsible for convulsions. It may be surprising to us in this country to learn how fully the therapeutics of curare were tried in France in the latter half of last century. The reason given by Cash is the stimulating effect of Claude Bernard's researches. It was used in hydrophobia " to delay the fatal issues "; in tetanus, of which disease Demine treated twenty-two cases with eight recoveries (Busch 1867); in epilepsy, of which large case-series are reported, some writers speaking eulogistically of the drug, though Cash writes that earlier observers were apparently more successful with the remedy than their successors. It was also used in chorea. Probably the dosage employed was usually low. To a case of hydrophobia, Penzoldt (1882) considered that he administered, within two and a half hours, doses which, if given at one time, would have been lethal. But "the power of movement was by no means abolished, for the patient shortly before death sprang out of bed in his delirium." " This," says Cash, " may be regarded as a typical case of the palliative action of curare." Hoche (1894) used Boehm's curarine in a case of tetanus, and Hoffmann had already used the alkaloid in 1879.' At the end of the century curare appears to have been considered in France as a recognized therapeutic agent in desperate cases. It was also usea, apparently to a less extent, in Germany (Binz 1895, Bergell and Levy 1904) . But no attempt appears to have been made to standardize preparations or to obtain curarine in quantity.
There are few references to the therapeutic use of curare in the English literature.
Hunter (1878) Properties of Various Curares-the Lissive Action In 1930 I was given permission, in connexion with an investigation of the mechanism of parathyroid tetany, to administer curare to dogs. The experiment had been suggested to me by Professor Hartridge and we performed it together. The result for which we were looking was obtained whencurare removed the violent muscular spasms of tetany. But it was a surprise to find that this could be done in doses which failed to paralyse the animal (Hartridge and West 1931 (a) ). Dogs so treated appeared free of their tetany and with full powers of locomotion. Following certain theories of the mechanism of the posture in human tetany, I decided to try the effect of curare on cases of chronic nervous disease with predominant muscular rigidity. Another specimen which had a good rigidityremoving or " lissive" action on dogs in tetany was tried on thirty cases of pyramidal and extrapyramidal rigidity in man (West 1932). The results were irregular and, as such, unsatisfactory, but in the best cases there was a sufficient degree of selective removal of rigidity, as opposed to voluntary power, to make further investigation of curare and its constituents appear justified.2 IHoffmann (1879) gave 1 to 9 mgm., Hoche 0.25 to 0-7 mgm. as the dose of curarine.
The question for immediate elucidation was whether this lissive action was a constant feature of curare or occurred only in some specimens. Here I may perhaps refer to the classification of curares. Boehm (1895) placed curares in groups according to their containers, this classification agreeing with his chemical analyses. Curare usually leaves the forest region of its production in one of three vehicles, a small earthenware pot, a hollowed gourd or " calabash," or the interior of a bamboo cane. Boehm described three alkaloids as being present in " pot" curare, a further one in " calabash " curare, and two, different again, in bamboo or "tube " curare. I investigated the actions of several specimens, and the result of their analysis is shown in Table I . The headings of the table have served for a time to differentiate curares pharmacologically. They may be taken in order and their significance described. Paralysis.-Paralysis fulfilling the classical tests upon the frog, which are directed to show an action distal to the motor nerve, is a sine qua non of curare.
Convulsions.-Certain curares show a convulsant action, closely resembling that of strychnine. Convulsions occurred in the frog, rat, and dog, with the tuse of specimens 5 and 6 in this series.
Respiratory action.-Generally speaking, curare will leave the respiratory mechanism undamaged until a severe degree of paralysis of the limb muscles has occurred. Sometimes, however, certain animals-amongst those I have tried this particularly applies to the rat and mouse-suffer from respiratory embarrassment before there is any sign of weakening of the muscles of the limbs; or else the respiration will suddenly become embarrassed in a partially paralysed animal and will cause its death before the onset of full paralysis. I had come to regard all effects such as this as being due to a separate agent occurring in some curares. But recently I have seen the phenomena in rats under the influence of pure curarine. It is worthy of record that under certain conditions and in certain animals, curarine may have a respiratory action in doses which are inadequate to cause full paralysis and the fact that this action is not always in evidence is one of the reasons for caution in the use of curarine in the human subject.
But there is a further, much more definite, respiratory action, and it is that to which reference is made in Table I. A dog given a curare of unknown source (No. 6) vomited four minutes subsequentlyan unusual event in curare poisoning. After seven minutes his respiration slowed in rate and became laboured. There appeared to be difficulty in inspiration, the breaths being taken very deliberately. A minute later respiration ceased entirely, but the dog was not obviously weakened muscularly, and was standing up at the time. It became cyanosed, but a moment later breathing restarted. There was rapid panting with much salivation and the cyanosis disappeared. After a further minute, slow, laboured respiration recommenced. At this time the front legs were weakened, but there was no general paralysis. During the respiratory attack it was impossible to ventilate the animal by artificial respiration; it seemed that no air entered the lungs. Immediate tracheotomy showed no signs of obstruction in the larynx. At a subsequent autopsy air entered the pleural cavity with some forbe, the lungs were very smnall and appeared rubbe,ry, and no air could be expressed from them. A morbid anatomist described them as a,ppearing " collapsed," but subsequent histological sectioni led to a report of there being no collapse of the lung.
For a time I tried to reconcile such experiences with the selective removal of respiration which sometimes occurs in the rat and in which stimulation through the phrenic nerve may fail before stimulation of the lower limbs through the sciatic. I now incline to the view, however, that while curarine in some animals and under some conditions may affect the respiratory muscles before those of the limbs, the peculiar and dramatic effect which I have just described in dogs is probably due to a bronchial spasm. With one doubtful exception I have only found this action present in curares which contain a convulsant.
" Lissive " action.--By a " lissive " action is implied, in man, the selective removal of pathological rigidities without apparent diminution of voluntary power.
The one sample of "pot " curare in the series (No. 2) is lissive in parathyroid tetany in the dog and in chronic spastic disease in man. In neither is this action always obtained. A bamboo curare (No. 7) and a calabash curare (No. 8) are also lissive, but in rats a selective respiratory action was noticed. It is apparent that the presence or absence of the lissive property cannot be co-ordinated with Boehm's vehicular classification. Further, Specimen No. 1 resembles "pot" (No. 2) and "4 calabash " (No. 3), though in fact it was believed to be of "tube" origin. It was this curare, obtained from Messrs. Burroughs and Wellcome, with which Hartridge and I first obtained a lissive action in dogs. The convulsant action was obtained from one calabash specimen and one specimen of unknown origin. Neither was lissive to dogs. But two other calabash specimens behaved each of them differently again. No. 3 was lissive, while No. 4. was neither lissive nor convulsant. The table thus show3 the classification of curares in terms of their containers to be inadequate to the present research. A collection made by Mr. F. Stevenson on the Ucayali River, and now in the British Museum, contains curares both in pots and bamboo tubes, suggesting that the vehicular classification of curare may not differentiate types even,.geographically. In this preliminary series, curares which were lissive to dogs in tetany and were tested in human cases, were found to be lissive in them also. But clearly this might not always be the case.
As regards the elucidation of the lissive function of curare, there still remains the alternative possibilities of varying composition and varying conditions of action. Curares vary in composition, but their lissive property runs across the traditional classification, appearing inconstantly in "pot," "calabash" and "tube'" varieties.
Further, three lissive samples out of four were active at one time and inactive at another. The problem was a confused one. I decided, in the first place, to collect specimens of curare from as wide an area as possible, to see whether there was any fixed geographical origin for the lissive samples. I found that most of the curare in this c,ountry was in small samples in the hands of individuals (who held them as mementoes of travel) or in museums. In many cases their ultimate origin was unknowin. I obtained a few ounces of curare as gifts from individuals and a few more ounces of known origin from Kew Gardens and the British Museum. In some cases the quantities were not sufficient for adequate examination. One or two samples proved not to be curare at all, and some unfortunately lost their identity in some preliminary chemical investigations which were undertaken. My aim was to obtain a curare which was at once of known geographical origin, lissive, and in which the lissive factor could be separated chemically. Preliminary chemical separations only could be made with the small quantities obtained at first. But Mr. A. Stephens, at St. Bartholomew's Hospital, worked, first on a mixture of various small samples of curare, and later on one specimen of calabash curare, and obtained results of considerable interest. Mr. Stevenson's specimen of bamboo curare was the one member of this series in which I found lissive properties and of which sufficient quantities could be obtained for adequate chemical investigation. Samples of calabash curare were brought from abroad by the Medical Research Council and one also was obtained in fair quantity from British Drug Houses. Sir Henry Dale gave me the facilities of his chemical research department, and in this Dr. Harold King worked on these specimens.
Cutrare Derivatives: Curarine, Convulsants, Central Depressants
Working first on several ounces of mixed curares of various origins, Mr. A.
Stephens obtained semi-crystalline curarine of comparatively high toxicity, a resinous impurity of low toxicity but with an apparent central depressant action in frogs, a convulsant alkaloid, and another substance, not an alkaloid, which also caused convulsions in frogs. From the specimen of calabash curare from British Drug Houses he obtained a curarine of high toxicity, and it was with this specimen that I first found curarine to be less effective than some crude curares from the point of view of a lissive action. In addition, he prepared an alkaloid other than curarine which was present in very small amounts and possessed the selective respiratory action which I have described on rats, and a third substance, of which he obtained both a tannate and a phosphotungstate, which was not very toxic, but which appeared to have a central depressant action both on frogs and rats. Neither of these lesser fractions was obtained in quantities large enough to determine the presence or absence of a lissive action in dogs or man. From a calabash curare from El Cubo in Venezuela, in which I had found some lissive action in dogs, Mr. Stephens obtained two convulsant alkaloids, but no lissive fraction (Table II) .
From the calabash curare of British Drug Houses Dr. Harold King produced a curarine iodide which had a well-marked selective respiratory action on the dog. This appears to be the one case in which a curarine hap shown respiratory selection so strongly as to suggest bronchial spasm as being its method of action. The analysis of the specimen of tube curare, which I obtained in fair quantity by the courtesy of the British Museum, was carried further. Originally it had shown the following properties:
(1) It was a normal curare, killing by its peripheral action and without convulsions, but with some tendency towards a selective respiratory action in rats.
(2) It was lissive to a moderate degree in dogs in tetany and in human cases of pyramidal and extrapyramidal rigidity. This latter action was inconstant.
From this substance Dr. King isolated pure crystalline tubo-curarine, and I understand this is the first occasion on which this substance has been obtained in crystalline form. In addition, he prepared the second alkaloid curine. tlhe actions of these may be briefly described.
Tubo-curarine in Man Tubo-curarine killed frogs by the classical action of peripheral paralysis. Subparalytic doses appeared to have a central depressant action to some slight degree, an action which will be described in dealing with curine. On rats, the action was similar, but without trace of central depression. On dogs, there was a purely peripheral action and no trace of lissive power. In man, the drug was given in 5 to 50 mgm. doses to a case of spastic paraplegia from disseminated sclerosis. Doses of 10 mgm. given subcutaneously caused the following symptoms: The patient complained of slight dizziness within a few minutes of the injection. This was followed by some blurring of vision " as if there were a film over the eyes." There was slight frontal headache and the patient felt hot and " flushed." At this period, from-five to thirty minutes after the injection, there was slight ocular ptosis, but otherwise no sign of motor weakness. The systolic blood-pressure fell slightly, e.g. from 154 to 130-and the diastolic to a less degree-e.g. from 80 to 70. The pulserate remained unchanged. The legs, which were in a strong flexion spasm, became slightly less rigid, the right spontaneously adopted a little less flexed posture, and both could be manipulated more easily passively. Walking was not materially improved. With 20 mgm. the same patient had more giddiness, greater ptosis, a greater fall of blood-pressure (to 118/74) and now a commensurate rise of pulse-rate from 76 to 92. The right leg extended voluntarily with greater ease, and the patient could put this leg to the ground for the first time, but her walking was not improved, because of giddiness. The symptoms and signs persisted definitely for thirty minutes after the injection, but by the end of fifty minutes all these had vanished, including the decreased spasticity. On the following day and until about fifteen hours after the curarine was given the patient was said by the ward sister and by herself to be improved as regards passive but not active movements. Within twenty-four hours she was stiff again. With repeated dosage at the rate of two a week, the giddiness became less annoying to the patient and sbe remained on the whole less spastic. She seemed to obtain more benefit from massage and physical treatment, and these failed to maintain the improvement when given without tubocurarine. When the latter was discontinued, spasticity, greater than before treatment, was complained of by this and by other patients. With 60 mgm., wellmarked symptoms of poisoning appeared. There was almost immediate flushing of the face. In ten minutes ptosis prevented the patient from opening her eyes. She articulated very badly, she could not sWallow or raise her head. The arms were weakened but not pa,ralysed, the legs weak and relaxed but not entirely flaccid. The signs lessened after forty-five minutes, the hand-clasp became good again, but it was one hour and fifteen minutes before she could move her facial and tongue muscles readily or raise her head even momentarily. By this time the legs were already stiff again, the position being one of extension, an unusual one for her.
I have dealt somewhat fully with this case, for the results obtained find confirmation and in this patient the essential features of the action of tubo-curarine are present. In small doses it may relax spastic muscles sufficiently to enable physical treatment to be more effective, but essentially it only relaxes spastic muscles as it paralyses them. In this respect its effect is not nearly so good as that of a good sample of crude curare. Its action is more evanescent, and can only be obtained at the threshold of toxic symptoms, which are very unpleasant to the patient.'
From the specimen of tube curare which yielded this tubo-curarine, Dr. King obtained two other fractions. The first, which he submitted as a basic lead precipitate differed in no way that I could find from tubo-curarine. It possessed a typical curare action on the frog, but in addition showed signs of central depressant action in small doses. Rats and dogs reacted with no novel incidents, the latter retained their tetany when greatly weakened by the drug. In man the dosage was pushed to cause weakness without the concomitant appearance of a lissive action. The second active principle was curine.
Pharmacology of Curine and Bebeerine
Curine.-During the past year a paper on the chemistry and pharmacology of curine has been published by Hauschild (1934) . He records that there is more curine in tube curare than in pot curare, and very little in the calabash variety. In frogs, doses of 10 to 20 mgm. caused a sluggishness of movement. The skin became bright and smooth and there was slight trembling of the muscles. He noted some curare action, and speaks of large doses " paralysing striped muscle like caffeine." Death occurred from heart-failure, with heart-block, a digitalis-like action. In mice Hauschild noted spasms of the limbs, sometimes fatal, and heart-block. Alternatively, death was from respiratory failure. In the cat he studied the cardiac and vascular actions of the drug. He found that curine did not prevent vagus stimulation from being effective, and also that atropine did not affect the action of curine on the heart. He states that curine does not alter the action of acetylcholine on blood-pressure, that it tends itself to lower blood-pressure and that blood-pressure raised by adrenalin is lowered by curine. His conclusion is that curine acts upon the exciting or conducting mechanism of the heart, not through the central nervous system and not upon the vagus terminations. The effect on vascular tone he thought due to impurities.
In my own experiments on the frog I was much struck with the fact that small doses (one-tenth those recorded by Hauschild) produced marked central nervous depression with fibrillary twitches of muscles, and nothing further that I could observe. The frog would lie upon its back or in any posture selected, but when roused (e.g. by an electric current) it would leap with undiminished power across the room. The action was a prolonged one, lasting from half an hour to at least six hours after the injection of 1 to 3 mgm. of curine. It appeared to require ten times this quantity to affect the heart, and at this multiplication of the original dose I noted no electrical signs of a curariform action. As mammals I used very small mice, for I was strictly limited in my supply of curine. They showed sluggishness of movement, appeared sleepy, and at length would remain absolutely stationary. They could, however, be roused to full activity, but only for a moment, after which they relapsed into somnolence. But, in addition, two other features were noteworthy. Tremors, starting in the small muscles of the feet-so that the digits moved spontaneously-spread until the whole body was involved in sudden attacks of tremors amounting almost to convulsions, each lasting for about one second and being followed by an interval of several seconds. During the attacks the eyelids would blink violently and the tail twitch. There was a diminution rather than a rise of reflex excitability. Secondly these large doses produced definite symptoms of weakness of the limb muscles and a strong tendency to kill by a selective respiratory action more marked than had been observed with other curare fractions on rats. After these experiments I was left with 130 mgm. of curine. This was administered to a dog in violent tetany. It failed to relieve the tetany, but it also failed to produce any pharmacological effect. The dose was too small, and with its administration disappeared any present possibility of determining the action of curine upon pathological rigidities.
Bebeerine.-Although we had no more curine, Dr. King drew my attention to a quotation from Spath (1928) , that curine is structurally identical with 1-bebeerine, an alkaloid of the pariera root, which is accessible on the market. Dr. King accordingly obtained some crude bebeerine and sent me the hydrochloride. Whatever properties the pure alkaloid might possess, this bebeerine which was submitted to me can be dismissed very briefly, tlhough I worked very fully upon it. It has a definite central depressant action on frogs, but this does not kill. Larger doses kill by a curare action, the heart being unaffected. Rats and mice do not show a clear central action, death being due to selective respiratory paralysis. In dogs and man bebeerine has an ordinary curariform action when given in adequate dosage. In neither is it at all lissive, and in one patient the rigidity of a spastic paraplegia was retained when most of the cranial nerves showed paresis. Bebeerine might however be used as a source of a curariform action. The table summarizes the results to this point. It will be seen that, unless it be curine, which I have not yet been able to give in adequate doses but the isomer of which has far proved valueless, no lissive principle has yet been isolated from curare. by special expeditions or through individual channels. I have not yet received recently collected curare or plants from these regions. Professor Ducke of Rio de Janeiro has given me a great deal of botanical information however, and a number of strychnos seeds have been sent by him to Kew for germination. He will look for further material in his forthcoming expedition this year.
British Guiana offered better facilities in view of the organization of the Colony and its administrative link with London. I obtained valuable information from missionaries and approached balata traders, botanists and government departments. Dr. Roth, the late Curator of the Georgetown Museum, and a great authority on native arts, crafts and customs, thought curare could be obtained in quantity, and negotiated with a traveller to the interior to this end. Only small quantities were forthcoming, however, for the Indians use the poison much less than formerly. With introductions from Sir Arthur Hill, the director of the Royal Botanical Gardens at Kew, and with the support of Sir Walter Fletcher, the secretary of the Medical Research Council, I secured the collaboration of the Forestry Department in Georgetown, and Mr. Wood, the chief officer of the district sent an expedition into the interior Table III shows the poisonous plants believed by tradition and by the accounts of travellers to enter into the composition of curares in the two areas of British Guiana and Upper Amazonia. Two strychnos plants in one area are closely allied botanically with two in the other and these I have placed beside each other-toxifera and syntoxica on the one hand and cogens and triplinervia on the other. The map shows where the different plants which are believed to be active ingredients of curare have been located up to 1932. The areas visited by Mr. Davis are shown with a cross. S. cogens he did not find; it has not been seen for many years. It is a traditional ingredient both of Macusi curare and of the " cumarawa" of Esmeralda, and its rediscovery would be of great interest alike to the botanist and to the pharmacologist. Mr. Davis writes that it probably still grows in the Pakaraima and Kanaku Mountains, and possibly further west in Brazil. To find it would require a special journey of perhaps several months, and one hesitates to ask for this until all the more accessible species have been examined. S. pedunculata also is very rare; herbarium specimens only were obtained. Table IV shows the species which I received, their source, the quantity of alkaloid, and the pharmacological action. In two, S. Mitscherlichii and S. Melinoniana there was little or no alkaloid and no pharmacological action in the quantities available. S. Erichsonii had a strychninelike convulsant action. Its presence would account for the convulsant action of Perhaps it may be possible to do further work upon this plant in view of its high alkaloidal content. From only one of these plants has the alkaloid yet been isolated, and that is the strychnos from which curarine has been prepared in the past, S. toxifera. Strychnos toxifera-Curarine The crude extracts of S. toxifera had shown a curariform action, without central depression or convulsions appearing. There had, however, been some slight lissive action. The extracts were less effective in this respect than good crude curare. The action of the crystalline curarine chloride prepared by Dr. King need not be described at length. Essentially it acts like the tubo-curarine already described, only points of difference require mention. In the first place, from the samples submitted to me, curarine appears stronger in its action than tubo-curarine. In man doses of 5 to 15 mgm. produce symptoms of weakness of cranial nerves. Secondly, there is less tendency for the blood-pressure to fall. The lissive effect of the crude extracts on dogs in tetany is not shown by pure curarine, and in cases of Parkinsonism or of spastic paraplegia there is no margin between the dose which will lessen rigidity and that which causes weakness.
The only advance then, with regard to curarine, is that it can be obtained in quantities which render it less precious than all the substances connected with curare have hitherto been. For S. toxifera is a species which is widespread in tropicp,l America, and its yield of curarine is good. I think the therapeutic uses of curarine will remain very limited. In 1932 I reported that I had not had an opportunity of treating a case of tetanus with curare. Since then I have seen one case, a severe and fatal one occurring in a woman of 48, five days after infection. It was at a time when my supplies of curarine were still very small, and I used a crude curare which was not a good lissive specimen. It was not possible to control the attacks withoutgiving paralysing doses of the drug, and though a Drinker respirator was introduced the patient died of tetanus with symptoms of hypostatic pneumonia--a danger which may be enhanced by curare. Dr. Leslie Cole (1934) , using a curare which he kindly allowed me to test, and which had a moderately lissive action in dogs, treated and reported two cases in which he was more fortunate. In neither did he give paralysing doses, yet in both he considered that he relieved the tetanus spasm. Professor Florey (1934) , who recently received some of our curarine for trial in experimental tetanus in animals, found it necessary to give paralysing doses to obtain beneficial results. I am anxious to treat further cases of tetanus with curarine, because controlled paralysis with artificial respiration offers, in my judgment, at least a more hopeful means of establishing a standard treatment for severe tetanus than the use of curares of variable strengths and lissive powers which have been tried and despaired of for more then half a century.
Strychnos diaboli
One strychnos in the last table remains. S. diaboli, collected by Sandwith on the Essequibo River in 1929, was found by Dr. King to be poor in alkaloidal content. Its Indian name has however been translated " black devil-doer," which suggests perhaps that either the name is wroDg and a species closely resembling it is highly poisonous, or that the active principle is chiefly to be found in parts of the plant other than the bark which came to us. The fruit is as yet unknown. The crude extracts originally sent to me were strong enough to give interesting results which have been repeatedly confirmed with subsequent more concentrated solutions. S. diaboli contains a centrally acting nervous depressant. In the frog this has an action more pronounced than that of any other substance I have described in this paper. Under its influence frogs, quite capable of full activity on stimulation,. will lie on their backs inert for hours. They can be killed by the extracts without peripheral paralysis occurring, though the latter can be demonstrated with large doses. Rats are made sleepy by the extracts, though they are ultimately seized with respiratory distress, become cyanosed, struggle and die by respiratory failure. Dogs stand large quantities of these weak extracts (the equivalent quantity of active principle is of course unknown). I have not obtained signs of central depression in a healthy dog. But I have repeatedly removed violent tonic and clonic parathyroid tetany with doses which have no effect on the normal dog. Typically tetany is removed in thirty to forty-five minutes and remains absent for from twelve to eighteen hours. Beyond a nervous action, which may be either central or peripheral, the only probable agency for such an effect, would, I think, be a rise in the calcium corntent of the blood. Repeated experiments showed no rise in 
Sumnmary and Review
In this paper I have tried to present the present problem of the pharmacology and therapeutics of curare as it has appeared to me during the past two or three years. I hope I have succeeded in showing that this substance is variable in its plant ingredients, in its pharmacological properties and in its therapeutic value. We should, perhaps, speak of the curares, rather than curare; and of the curares those of three great areas have been differentiated-the curares of Upper Amazonia, of the Upper Orinoco and of British Guiana. Into some of the first probably enters S. castelnaeana, into the second S. cogens or S. gubleri or both. These strychnos plants may be responsible in each case for the paralysing action of the drug, a function equivalent to that of S. toxifera in the curares of British Guiana. But of five different strychnos from the Guiana area, one paralyses, one convulses, one is primarily a central nervous depressant, and two appear to be non-toxic. Whenever two or more different strychnos enter a curare, the possibility of one of these possessing an action other than curariform is thus to be considered. The varying degrees of usefulness in curares supported such a view, and it was to extract a therapeutic weapon from its lethal and almost useless neighbours that this research was undertaken. It would be a disappointment if curarine in quantity for the treatment of desperate cases of tetanus were its only outcome.
The nature of curarization is not discussed in the present paper. But we have curarine for research as well as for therapeutics. Florey, Harding and Fildes (I 934) in their investigation of experimental animal tetanus have already confirmed my finding that curarine itself is not "lissive "-it shows no power of the selective removal of pathological rigidity under the-conditions in which we have used it. It is, I suppose, not impossible that its use might throw light on some of the controversial aspects of the physiology of the excitability of muscle through its motor nerve. It would certainly be of great interest to know whether the selective actions of curare op decerebrate rigidity described by Bremer (1929) and his colleagues holds good with curarine. Similarly will it be of importance to know if curarine reproduces the selective action of small doses of curare on the response of the muscle to certain strengths and frequencies of stimulation through its nerve of supply, as recorded by Briscoe (1934) . In the results of some of these experiments we may find a further justification for searching for the various active ingredients of curares, and an indication, if this should be the case, of a second substance acting peripherally.
Behind the curares lie the strychnos of tropical America. By searches such as we are making we are opening up the pharmacolcgy of these species, so many of which appear to be poisonous, beyond the starting points of nux vomnica and toxifera.
It is little more than a century since India yielded strychnine and brucine. In Africa, forest officers are constantly adding to the known strychnos of various parts of the continent. Some wider systematic survey of the pharmacology of these species may soon be called for. ln the research to which this paper is a contribution it is the poisonous plants-especially the strychnos, of curare-bearing areas of South America that engage our attention, and I may end this paper suitably with two relevant quotations. One, from Humboldt: " A fine chemical and physiological investigation remains to be accomplished on the toxiques of the New World "; and the other, Sir Robert Schomburgk's comment: " Unfortunately but little advance has since been made in that direction and the same important desideratum remains still to be accomplished." That was eighty years ago, and to-day we are but starting to till a field which I bope may yet prove as fruitful as those two great scientific explorers anticipated.
